Polycyclic quinolizine derivatives, quinolizino[3,2-a]quinolizines (4a-c), were synthesized in moderate yields by a one-pot method using ketene dithioacetal, methyl bis(methylsulfanyl)methylene-cyanoacetate (2), alkyl 2-pyridylacetates (1a, b), and 2-pyridylacetonitrile (1c). Compounds 4a, b exhibited red fluorescence (Em max: 576 nm) in solid state.
In particular, the fluorescence properties of fused quinolizine derivatives such as pyrroloquinolizine derivative B and quinolizino [3,2-a] quinolizine C are of interest to us. 2a-d,8 In this paper, we report the synthesis of fused quinolizine derivatives, quinolizino [3,2-a] quinolizines, by a one-pot synthesis method using a ketene dithioacetal. ultraviolet-visible (UV-Vis) spectra 7b in detail; 8 however, they did not investigate the fluorescence properties of these compounds. In our previous research, we synthesized 2-methylsulfanyl-4-oxo-4H-quinolizine-3-carbonitriles (3a, b) in 48-50% yield by direct heating of a mixture of ketene dithioacetal (2) and 1a or 1b without any solvent or catalyst (base or acid). 6 Since the yield of the products formed under these reaction conditions was unexpectedly low (48-50%), we carried out the above-mentioned reaction under basic conditions. We carried out the condensation of methyl 2-pyridylacetate (1a) with methyl bis(methylsulfanyl)methylene-cyanoacetate (2) we carried out the reaction at room temperature for 1 h, after which we heated the reaction mixture at 50-60 °C for 20 min (short reaction time) and then stirred it at room temperature for 3 h. We synthesized 4b (57% yield) in a similar manner from 2 and 1b. We also obtained 4c from 1a, 2, and 1c by a one-pot reaction (Scheme 1). These quinolizino[3,2-a]quinolizine derivatives were presumably formed via the addition-elimination and cyclization mechanism shown in Scheme 2. quinolizine skeleton is expected to be carried out in the future. We focused our research on the fluorescence properties of 6H,14H-quinolizino[3,2-a]quinolizine-6,14-dione derivatives synthesized. We analyzed the room-temperature fluorescence emission spectra of 3a, 3b, 4a-c, and 5 in their solid states.
The fluorescence maxima (Em max) and relative fluorescent intensities (RI) of these compounds are listed in Table 1 . The Em max and RIs of 3a, b, 4a-c, and 5 ranged from 541 to 576 nm and 0.01 to 0.44, respectively. Among these compounds, 4a and 4b showed red fluorescence similar to DCM:
, which is a red laser dye (Em max: 577 nm) 1b,9 . The implications of the present results are discussed on the fluorescence of 4H-quinolizine derivatives as a basic structure in the field of organic electroluminescent materials.
Currently, we are in the process of evaluating the relationship between structure and fluorescence properties of these compounds. 
EXPERIMENTAL
Identifications of compounds and measurements of properties were carried out by general procedures using the following equipment. All melting points were determined in a capillary tube and uncorrected.
Infrared (IR) spectra were recorded in potassium bromide pellets on JASCO 810 or Shimazu IR-460 spectrometer and ultraviolets (UV) absorption spectra were determined in 95% ethanol on a Hitachi 323 spectrometer. Fluorescence spectra were determined on Shimazu RF-5300pc. Nuclear magnetic resonance (NMR) spectra were obtained on Gemini 300NMR (300MHz), JEOL-GX-400 (400MHz), and Varian UNITYplus 500NMR (500MHz) spectrometers with tetramethylsilane as an internal standard. Mass spectra (MS) were recorded on JEOL-DX-303 mass spectrometers. Microanalyses were performed by K.Yoshida on a Perkin Elmer at Nagasaki University. All compounds were reagent grade and used without further purification unless otherwise specified.
Method of Measurement of Fluorescence.
A powder sample of subject compound is heaped in a tray. After covering the sample with a quartz plate, this part was fixed in fluorescence spectrometer. After fixing the fluorescent wavelength, the excitation spectrum was determined by the scanning with the fluorescent wavelength. Similarly, Fluorescent spectrum was obtained after scanning with the excitation wavelength. After obtaining these results, the excitation wavelength was decided and the fluorescence spectrum was measured. The fluorescent relative intensity was determined by using DMPC: [6-(4-N,N-dimethylaminophenyl)-4-methylsulfanyl-2-oxo-2Hpyran-3-carbonitrile] 3g as standard sample. Fluorescence of standard sample and all subject compounds were measured on 345 nm excitation.
Methyl 3-Cyano-2-methylsulfanyl-4-oxo-4H-quinolizine-1-carboxylate (3a)
A mixture of 0.76 g (5.00 mmol) of methyl 2-pyridylacetate (1a), 1.0 g (5.0 mmol) of 2, and 1.38 g (10.0 mmol) of potassium carbonate in 15 mL of DMSO was stirred for 2 h at rt. This mixture was stirred and heated for 20 min at 50-60°C and for additional 2 h at rt. The reaction mixture was poured into 300 mL of ice water and then neutralized with 10% hydrochloric acid. The precipitate was collected by filtration, washed with water, and dried by air to give yellow products. The products was collected by filtration to give 11, 53.01, 93.71, 112.01, 115.77, 117.60, 123.13, 129.22, 136.53, 141.70, 153.57, 156.22, 165.70 . Fluoresence (solid): Ex max, 337 nm; Em max, 568 nm; RI=0.43.
Ethyl 3-Cyano-2-methylsulfanyl-4-oxo-4H-quinolizine-1-carboxylate (3b)
This compound was prepared in 71% yield from, 7.19 (1H, ddd, J=1.4, 6.6, 7.1 Hz, 7.67 (1H, dd, J=1.4, 8.9 Hz, 7.74 (1H, ddd, J=1.4, 6.6, 8.9 Hz, 10-H), 7.90 (1H, ddd, J=1.4, 6.0, 7.1 Hz, 3-H), 8.53 (1H, ddd, J=1.4, 7.1, 8.5 Hz, 2-H), 9.08 (1H, d, J=7. 1 Hz, 12-H), 9.62 (1H, d, J=6 .0 Hz, 4-H), 10.18 (1H, d, J=8.5 Hz, 1-H). 13 C NMR (100 MHz, DMSO-D6) δ: 51. 95, 75.52, 95.29, 95.65, 114.66, 117.30, 120.73, 121.07, 124.59, 128.25, 131.83, 135.80, 139.94, 141.27, 142.38, 146.38, 155.64, 156.45, 166.62 Cyano-6,14-dioxo-6H,14H-quinolizino[3,2 
-a]quinolizine-8-carboxylate (4b)
This compound (0.51 g, 1.43 mmol) was prepared in 57% yield from 1.24 g (7.5 mmol) of ethyl 2-pyridylacetate (1b), 0.51 g (2.5 mmol) of 2, and 1.38 g (10.0 mmol) of potassium carbonate in a manner similar to that described for synthesis of 4a. This compound (4b) was also prepared from 3b and 1b under the same reaction condition in 57% yield (Method B 7.81 (1H, d, J=9.2 Hz, 8. 27 (1H, m, 9.10 (1H, d, J=7.8 Hz, 9.78 (1H, d, J=7.7 Hz, 10.37 (1H, d, J=9.7 Hz, . 13 C NMR (100 MHz,
CDCl 3 ) δ: 13. 53, 64.81, 92.72, 110.02, 112.85, 115.69, 118.52, 120.13, 122.03, 124.21, 125.90, 131.91, 133.20, 141.91, 143.06, 145.74, 146.99, 147.94, 154.85, 156.19, 166.59. Fluoresence (solid) 3.65; N, 11.69. Found: C, 66.73; H, 3.41; N, 11.61 .
6,14-Dioxo-6H,14H-quinolizino[3,2-a]quinolizine-7, 8-dicarbonitrile (4c)
A mixture of 0.76 g (5.0 mmol) of methyl 2-pyridylacetate (1a), 1.0 g (5.0 mmol) of 2 and 1.38 g (10.0 mmol) of potassium carbonate in 15 mL of DMSO was stirred for 2 h at rt. This mixture was stirred and heated for 10 min at 50-60°C and stirred for additional 2 h at rt. 0.71 g (6.0 mmol) of 2-pyrdylacetonitrile (1c) and 1.38 g (10.0 mmol) of potassium carbonate were added to the reaction mixture. After stirring for 4 h at rt, the reaction mixture was poured into 300 mL of ice water and then neutralized with 10% hydrochloric acid. The precipitate was collected by filtration, washed with water, and dried by air to give dark red product. A mixture of this compounds and 50 mL of MeOH was refluxed for 1 h. After cooling, the products were collected by filtration to give 1.15 g (3.69 mmol, 74% yield). This compound (4c) 35, 110.01, 112.84, 115.67, 117.41, 118.50, 121.63, 122.71, 125.75, 130.00, 132.46, 139.71, 142.10, 143.30, 146.61, 147.92, 155.63, 158.75 112.91, 115.75, 118.58, 120.97, 121.86, 124.80, 126.04, 132.35, 139.99, 143.60, 145.77, 146.67, 148.19, 155.00, 159.83, 160.60, 167.10 .
Fluoresence ( 
